INTRODUCTION
Interferons are natural cytokines with a variety of biological effects including antiviral, untiproliferative, antifibrogenic and antianiogenic properties (Hiramatsu et al., 1995; Muriel 1996 ; Kim et al., 2000) . Interferons inhibit transcription and translation of a number of RNA and DNA viruses as well as the growth and preliferation of a variety of cells (Theocharis et al., 1997) . Furthermore, interferons could alleviate fibrosis and inflammation (Mazzoran et aI., 1998) . The two main members of interferon I family namely interferon alpha and beta have gained special value as they proved to be successful in treatment of chronic viral infections, rnyoproliferative disorders and autoimmune diseases, Interferon alpha is the only available effective treatment for chronic viral hepatitis C (Kaserer et al., 1998; Duchatelle et al.,1998) . It is also used in chronic hepatitis B, chronic non A non B hepatitis and chronic delta hepatitis (Yoo et al., 1990; Kleiner et al., 1993; Manabe et al., 1993) .
Moreover, it is useful in reversing liver damage induced by biliary obstruction (Moreno & Muriel 1995) . Through its irnmunomodulatory activity, interferons decrease the incidence of severity of precancerous lesions (Merle et al., 1997) . It is also efficacious in treatment of pancreatic tumors. renal cell carcinoma. chronic myelogeneous leukemia, hairy cell leukemia, cutaneous melanoma and polycythemia (Lamers 1990 Despite of the variation in the etiology of the diseases treated by interferons and the different types of immune responses thought to be required 10 control them, interferon I is able to provide effective therapy. It is likely that interferon induced marked changes in the immune status which depend on its ability to influence the differentiation of Band T lymphocytes and increase lymphocyte adhesion to endothelial cells by up-regulation of adhesion molecules (Steinger & Van Der Meide, 1993) . Among its other immunological effects, interferons provoked activation and proliferation of rnonocytes, rnacrophages, cytotoxic T cells and natural killer cells eliciting long lasting tumor specific immunity (Eguchi et at, 2003) . These changes were accompanied by augmented expression of surface activation markers on the ef· fecter cells (Suzuki et aJ., 2002) .
Reviewing the literature demonstrated that alpha interferons inhibited the spontaneous apoptosis of primary B lymphocytes and promoted survival of peripheral B lymphocytes enhancing immune responses (Ruuth et al., 2001) . Few data, however are available about the morphological changes induced by alpha interferon, the different phases of cell cycle and DNA content in lymphocyte populations of the different lymphoid organs.
On the other hand. several factors were identified 10 influence and limit the response to interferon therapy negatively. Among these factors are the long duration of the disease, the elevated histological indexes. the high levels of the virus, alcoholism, and the high age of the patients (000 et aI., 1996; Kaserer et aI., 1998). Aging in particular is associated with dysfunction of immune system and deterioration of immunity. Dramatic decline of pre-B cells number and reduced proliferative capacity of both T and B lymphocytes as well as the germinal centers arc common consecutive changes of aging (Johnson et at, 2002; lUasco, 2002) . Moreover, the process of aging has been proposed to be associated with gradual accumulation of destructive products of endogenously generated free radicals. The consequences of endogenously generated radicals arc usually estimated in terms of damage to macromolecules most notably lipids, proteins and DNA (El-Sokkary et aI., 2003).
Hence, it becomes the aim of the present work to clarify the senile changes that are likely to occur in the spleen of mice. Furthermore, the present study aimed at investigating and comparing the morphological changes, the phases of the cell cycle and the DNA content in adult and senile spleen following interferon alpha administration. H is believed that the spleen is a major repository of immune cells in the body that can reflect any changes in the immune status. The evaluation of immunological status before initiation of treatment might be of great clinical importance as it has a major influence on the effects and outcome of interferon therapy.
MATERIAL AND METHODS

Mice:
Forty CBA male mice locally bred at the animal house of the Research Unit and Bilharzial Research Center of Faculty of Medicine, Ain Shamus University were used in the present study. Adult mice aged 3 -4 months and weighed 25~30 grams.
Senile mice aged 18 -24 months and weighed 30 -35 grams. Animals were housed in separate cages, fcd on standard mice diet and allowed water ad-libitum.
Interferon:
Alpha interferon was available as vials of "Interon A, injection" (Schering Phough USA). Each vial contained 3 million IU of interferon Alpha 2b. Vials were reconstituted with 1 ml of sterile water and stored at temperature 2 -8c o , each mice received 3.3 x I()4 lu / kg B.W. Interferon was diluted to the appropriate concentration in sterile water of sufficient volume for a single dose for each group of mice.
The dose and regimen given were equivalent and similar to human therapeutic dose (Theocharls et al., 1997). At the beginning of the experiment mice were divided into four groups as follows:
It included five adult mice and served as adult controls to study the histological structure of adult spleen.
Group II :
It included five senile mice and served as senile controls to study the age related changes in the spleen.
Group III:
It included 15 adull mice of which ten mice received 1000 IV of interferon alpha subcutaneously. The dose was given three times a week for three months. Five mice received equivalent sterile water, injected subcutaneously for the same duration and served as controls.
Group IV :
It included 15 senile mice of which ten mice received 1200 IU of interferon alpha subcutaneously. The dose was given three times a week for three months. Five mice received equivalent sterile water, injected subcutaneously for the same duration and served as controls. At the end of the experiment all experimentalanimals were sacrificed by intraperitoneal injection of sodium thiopental (25 mg / kg). The abdomen was incised and the spleens were dissected and extracted. Specimensfor light microscopic studies were fixed in 10% formol saline. After fixation, tissues were dehydrated, and embedded in paraffin blocks. Sections of 5 urn in thickness were cut and stained with Haematoxylin and Eosin (Hx, & E.) and Feulgen blue stain specific for nuclear DNA. Specimens for electron microscopic studies were cut into small pieces 1 mm" ill thickness, fixed in 2.5% glutraldehyde in phosphate buffer for 3 hours. Fixed tissues were washed in 0.1 M-phosphate buffer and post fixed in 1% osmium tetra oxide in 0.1 M-phosphate buffer. Dehydration in ascending grades of alcohol was followed by embedding in epon. Semithin sections 1 urn were cut using L.K.B. ultramicrotome and stained with toluidine blue. Ultrathin sections were cut and stained with uranyl acetate and lead citrate. examined and photographed with Philips 400T.E.M.
Image analysis :
The DNA was analyzed at the pathology department of the National Research Center using the Leica Qwin 500 Image Analyzer. DNA ploidy analysis was performed on the Feulgen blue stained sections using the DNA cytometry soft ware. Selection of nuclear boundaries Was performed automatically by the image analysis system. Only intact nuclei were measured,overlapping nucleiand nuclear fragments were manually eliminated from measurements. The optical density of the selected nuclei was measured and automatically convertedby the system into DNA content. About 100 -150 nuclei were measured in serial sections on magnification (x 400). The results were displayed as a frequency histogram on the moniter by plotting DNA content versus the number of nuclei. Based on the peaks produced by the histograms, the percentage of cells at each phase of cell cycle and their DNA content were calculated automatically. The results were analyzed usingstudent t-test to compare the mean values and Z test compare the percentageof the cells.
RESULTS
Group I & Controls of Group III :
Light microscopic examination of the spleen of adult mice revealed that the spleen exhibited prominent discrete white pulps suspended throughout the red pulp.
Distinct demarcation was evident between the white and red pulps. The white pulp of the spleen existed in three discrete zones namely the periarteriolar lymphatic sheath (PALS), the lymphatic follicles and the marginal zone. The PALS consisted of closely packed small lymphocytes surrounding the arterioles in a rather regular pattern. The lymphatic follicles were rounded or oval aggregates of small lymphocytes. The lymphocytes manifested dense rounded nuclei and relatively small amount of cytoplasm. Both the (PALS) and the lymphatic follicles were surrounded by a marginal zone which appeared as a pale thin rim of less densely packed small lymphocytes with few interposed large lymphocytes (Fig. 1) . The red pulp appeared as irregular cords of red blood cells mingled with few lymphocytes. The cords were separated by venous sinuses (Fig. 2) .
Ultrastructural examination clarified that small lymphocytes were predominant in the PALS and the lymphatic follicles. Small lymphocytes were characterized by high nuclear cytoplasmic ratio. The nuclei were rounded or oval in shape with prominent nucleolus and moderately condensed chromatin which appeared as coarse clumps. The cytoplasm was sparse and contained very few mitochondria and comparatively large number of poly-ribosomes (Fig. 3) . Large lymphocytes were noticed mainly in the marginal zone. They had indented nuclei with peripherally condensed chromatin and rounded nucleolus. The cytoplasm was relatively abundant and contained numerous rounded mitochondria. few cisterns of rough endoplasmic reticulum. Golgi complex and numerous polyribosomes distributed throughout the cytoplasm (Fig. 4) . On the other hand the percentage of cells at Go phase (15.38%) was significantly increased (P < 0.05) and the mean DNA value 0.302 ± 0.191) was significantly reduced (P < 0.01). No lymphocytes could be detected at G 2 phase nor at the aneuoploid phase of cell cycle.
Group II:
Light microscopic examination of the spleen of adult mice which received interferon revealed that the spleen exhibited impressive. prominent white pulps even encroaching on the regressed red pulp. The distinct zones of the white pulp were amalgamated together forming a confluent mass of lymphocytes (Fig. 12) . The degree of condensation of lymphocytes was variable. some areas showed highly condensed and closely packed lymphocytes. while other areas manifested loosely packed lymphocytes ( Ultrastructural examination. clarified signs of activation. and proliferation in the majority of the lymphocytes. The nuclei exhibited either enlarged. dispersed and homogenous chromatin (Fig. 15 ) or manifested loss of nuclear membrane. nucleolus and in such cases the chromatin. appeared as multiple dense blocks that were arranged approximately on either sides of the cell (Fig. 16) . The cytoplasm had striking extensive proliferation of the rough endoplasmic reticulum which occupied the entire of the cytoplasm. The rough endoplasmic reticulum was concentrically arranged and consisted of regular cisterns almost of uniform diameter apart from few slightly dilated cisterns (Fig. 17) . Other lymphocytes manifested partially euchromatic nuclei their cytoplasm contained few dilated cisterns of rough endoplasmic reticulum. scattered mitochondria and numerous free ribosomes (Fig. 18) . Occasionally, the present study revealed that the plasmic membranes of some lymphocytes were opposed and adherent at localized sites but without specific cytological specialization in the area of contact (Fig. 19) .
DNA analysis or group III : (Tables 1,2) DNA analysis of Feulgen blue stained sections of spleen of adult mice which received interferons revealed prominent alterations. The majority of lymphocytes (55.66%) were at S phase showing high proliferative index and high significant increase than adult control (P < 0.(01). Moreover. the mean DNA value was 3.032 ± 0.274 manifesting also high significant increase than the adult control (P < 0.01).
The percentage of lymphocytes at G 2 phase (23.59%) was significantly increased than adult control (P < 0.001) and their mean DNA value was 3.86 ± 0.198. The lymphocytes at 0 1 phase were significantly reduced (16.04% P < 0.001). However, the mean DNA value was 2.152 ± 0.22 showing significant increase than adult control (P < 0.05). Aneuoploid phase cells were significantly increased to 4.72% (P < 0.01), their mean DNA value 5.408 ± 0.682. On the other hand, lymphocytes at 0 0 could not be detected and showed high significant decrease (P < 0.01).
Group IV:
Light microscopic examination of the spleen of senile mice which received interferons clarified distorted splenic architecture. Multiple areas of depletion were encountered in the white pulp and numerous extensive vacuolation was noticed in the red pulp. The lymphocytes were diffusely scattered without discrimination into zones (Figs. 20,21) . Inspite of the encountered depletion, the existing lymphocytes had large prominent basophilic nuclei surrounded by a rim of cytoplasm (Fig. 20 ).
Megakaryocytes were infiltrating both white and red pulps (Figs. 20,21 ). The red pulp consisted only of few red blood cells irregularly arranged between numerous irregular vacuoles (Fig. 21) .
Ultrastructural studies revealed that the small lymphocytes had intact nuclei, and their cytoplasm showed numerous ribosomes. However, small lymphocytes exhibited slight widening of the perinuclear space (Fig. 22) . Regarding large lymphocytes, the nuclei had peripherally condensed chromatin. the cytoplasm contained multiple, dilated cisterns of rough endoplasmic reticulum scattered within the cytoplasm. The dilated cisterns showed partial detachment of ribosomes (Fig. 22 ). Other cells exhibited slight proliferation of the rough endoplasmic reticulum (Fig. 23 ).
DNA analysis of group IV : (Tables 1, 2) DNA analysis of Feulgen blue stained sections of senile mice which received interferons clarified that the majority of lymphocytes (47.53%) were at S phase with a high proliferative index. The present work clarified another form of activated lymphocytes. The cells beared partially euchromatic nuclei, and their cytoplasm contained few dilated cisterns of rough endoplasmic reticulum, scattered mitochondria and numerous free ribosomes. These are probably activated T lymphocytes (Junqueira & Carneiro, 2003) . The activation of various types of T lymphocytes following interferon alpha has been reported in previous experimental studies. Immunohistologic and flow cytometric analysis showed marked infiltration of activated T lymphocytes (CD8) in wild type tumors of mice inoculated with interferon alpha expression cells, suggesting that interferon alpha can induce cytotoxic T lymphocytes and elicite long lasting tumor immunity (Eguchi et al., 2003) . Moreover, administration of interferon I mainly the beta subtype significantly increased the proportion of natural killer T lymphocyte (NKT) as well as natural killer cells (NK) in the spleen of rat (Suzuki et Ultrastructural studies of the spleen of senile mice showed that the small lymphocytes had intact nuclei hut the cytoplasm was degenerated. Moreover, the plasmalemma was disrupted and the lymphocytes lacked the distinct cellular boundaries.
The damage of the cell membrane could be attributed 10 age associated release of free radicals. Membranes damaged by radicals usually become more rigid and exhibit decrease permeability. These changes could lead 10 These changes were associated with significant increase in DNA content of lymphocytes at G, an S phases.
Aging usually increases the incidence or arrest of lymphocytes and decreases proliferation of lymphocytes. The lack of lymphocytic proliferation in aged mice could be due to several factors including the diminished Iymphoproliferative effects of neuropeptide Y with aging (Medina et aI., 2000). It could also be attributed to the less supportive function of aged bone marrow to the proliferation of splenic B celJs to plasma cells (Han et al., 2003) . Reduced proliferative capacity of both T and B cells could be a result of telomere shortening and end-to-end chromosomal fusion with aging (Blasco, 2002) . However, in the present study it seemed thet interferon was capable of increasing the proliferative index of existing lymphocytes in aged mice and enhancing the presence of numerous lymphocytes in the active phases of cell cyles.
In conclusion, interferon increased the activation and proliferation of lymphocytes in adult mice. Aged mice exhibited marked degenerative changes. However, on administration of interferon, though the spleen showed distorted architecture and areas of depletion, yet existing lymphocytes manifested signs of proliferation that might allow interferon to achieve its immuno modulatory functions. 
